ABSTRACT
Single virus particle, HIV, HPV, Hepatitis B and C, detection for early, successful treatments; Ultra-sensitive, Selective Detection and Early Diagnostics of Cancers.
INTRODUCTION
Biotechnology has been traditionally thought to be associated with biomedical, and especially, pharmaceutical applications. Recently, agricultural biotechnology promises to yield even greater and wider gains through the enhancement of crop productivity or the use of transgenic crops than those that medical biotechnology has already achieved by exploiting combinations of cellular and molecular biology techniques. Novel biotechnology research is also rapidly expanding with a view to the application of environment friendly bioprocesses for chemical, pharmaceutical, and other areas, including food bioengineering and safety. The tremendous growth of the two areas of modern biotechnology (i.e., agricultural and medical) may have recently created the impression of technological isolation through specialization of both agricultural and medical biotechnology. Such an impression--if not checked from spreading--might raise artificial barriers between these two important and closely related domains. Caused mainly by over-specialization, an increasingly 'narrow' approach to biotechnology might affect the evolution and sharing of existing biotechnological tools that were initially developed for different types of applications. For example, the current adoption of certain genetically modified foods and the administration of vaccines based on genetically modified organisms (GMO' s) in developing countries, EU and Japan raise distribution problems for which adequate solutions have yet to be found. Potential loss of certain crop markets (such as corn) that may have included 'GMO-mixed' crops could be very substantial (>1 billion US $). Therefore, solutions to such problems must, and can be, found both through crop growing policy changes and also by utilizing novel, ultra-sensitive, as well as less expensive, techniques for GMO detection and crop quality control.
Unfortunately, about one billion people in the world remain deficient in several vitamins and minerals intake (Toenniessen et al 2003) . Such undernourished populations live mostly in developing countries that often have inhospitable climates which favor low efficiency in food engineering and production, and also where the primary services for storage or administration of GMO-based vaccines are minimal. The utilization --in combination with agronomical techniques--of biotechnological tools that were originally produced for the medical area, may help resolve such difficult problems. As an example, the production of vaccines from plants and microorganism with subsequent addition in foods could reduce the cost of vaccination in such areas. The modification of microorganisms for the bioproduction of fuels (Linko 1985) is also important, and would also be important in under-developed, or developing, countries that have a large surplus of under-utilized complex carbohydrate sources that could be used for bio-production of valuable fuels with existing technologies.
Our review focuses on novel techniques and tools employed in biotechnology that are being developed for chemical, medical, health food production and agricultural applications worldwide.
However, no attempt or claim at extensive coverage of the subject is here being made.
IMMOBILIZED MICROBIAL CELLS
Immobilization of whole cells has been defined as the physical confinement or localization of intact cells to a certain defined region of space with preservation of some (Karel et al 1985) , or most, catalytic activity. The increased stability under extreme conditions of pH and temperature, as well as the re-use and applicability in continuous processing systems that enclose immobilized cells instead of soluble enzymes make the cells a preferred, versatile tool in both food industry and medicine. There are several different approaches to the classification of immobilized biocatalysts, but the most frequently employed classification is based upon the method of immobilization selected for a specific application. The selection of immobilization method depends, therefore, upon the application, the nature of the microorganism being immobilized, as well as the resources available (Witter 1996) . Table 1 shows several, possible immobilization methods that available for whole microbial cells.
Most immobilization methods can be applied either to whole cells or to enzymes. Some of the advantages of whole-cell immobilization in comparison with enzyme immobilization are: the higher stability and enzyme activity, multivariate enzyme applications, and the lower cost (Witter 1996 Entrapment techniques are, however, the most commonly encountered in the industry and they are based on the formation of thermally reversible gels, ionotropic gels and polymerization.
Application of Cell Immobilization in the Food Industry and Human Nutrition
Entrapment of cells in a gel-like matrix by ionotropic gelation using alginates and Kcarrageenans is certainly the most useful method for industrial purposes. The alginates form a gelatin matrix in the presence of polyvalent cations by binding the cation to guluronic acid units (Witter 1996 
Medical Applications of Molecular and Cellular Immobilization Techniques
There is a quite extensive list of immobilization technique applications in medicine.
A very important group of such applications is concerned with the regulation of equilibrium between 
Other Applications of Novel Immobilization Techniques
Current regulations for the disposal of toxic chemicals in the environment as well as the detoxification of water used in any agricultural and industrial process brings the need for novel biotechnology tools to be developed in order to solve such problems in a cost-efficient manner.
Enzymes have been isolated from genetically manipulated microorganism strains with the purpose of accelerating the rate of degradation of organic and some inorganic compounds in wastewater as well as in soils (Head and Bailey 2003) .
GENETIC MANIPULATION OF MICROORGANISMS FOR BIOTECHNOLOGY

APPLICATIONS
Genetic manipulation techniques have played an important role in enhancing the performance of microorganisms that are significant in the industrial, pharmaceutical and medical application areas.
Such techniques are discussed briefly in this section together with their selected applications. It is important to highlight the fact that they are generic, and also that they can be employed to improve the performance of any cell or microorganism for specific applications.
Mutagenesis-based Techniques
Mutagenesis can be defined as the group of techniques or processes that produce changes in a DNA sequence which modifies either the expression of genes or the structure of the gene products.
Two subcategories of mutagenesis are usually applied in the genetic manipulation of microorganisms:
classical mutagenesis and transposon-directed mutagenesis.
Classical Mutagenesis involves the use of chemical mutagens to regulate a process of interest in the target microorganism. The main purpose of this 'classical' approach is to find the mechanism of action of the targeted microorganism.
Transposon-directed Mutagenesis consists in the genetic alteration of a few sites on the target chromosome in order to determine the function of this specific site of the chromosome. By comparison with the previous category transponson-directed mutagenesis it is more specific, and is therefore preferred in specific applications that require higher selectivity.
Gene Transfer
Electroporation involves the production of transient pores in a bacterial cell membrane following the application of high-voltage electric field (DC) pulses of short duration . Such pores allow the introduction of DNA into the cell under certain, favorable conditions. Such methods have been used with various microorganisms and even plasmids that are of significant use in the industry.
Another technique that is employed for the transference of genes involves Shuttle Vectors.
Shuttle vectors are DNA constructs that are able to replicate and deliver DNA to widely divergent types of bacteria (Blaschek 1996) . DNA transference is obtained after the use of a microorganism whose mechanisms of action have been thoroughly studied, as for example, is the case of various E. coli strains.
Gene Cloning
Gene cloning and genomic maps to clone the genes of industrially-significant microorganisms have also been reported to be subsequently introduced in native strains of the microorganism of interest (Zappe et al 1986; Cary et al 1990; Verhasselt 1989 ).
DNA Analysis
DNA analysis involves the study of a particular region of DNA by either physical or chemical techniques. It is usually carried out in order to obtain insights into the genetic organization, the mechanisms of gene expression , or to obtain information that may be useful for the construction of shuttle vectors (Blaschek 1996) 
Applications in the Food Industry
Pioneering studies of genetic manipulation of microorganisms with significant applications to foods were initially based on Escherichia coli as a microbial model because of its ease of growing and manageability. Subsequent studies were carried out in the production of dairy starters, as well as the amino acid and yeast production for brewing purposes, and more recently attempts are being made to produce butanol through fermentation.
EPIGENOMICS IN MAMMALIAN CELLS AND ORGANISMS
Upon completion of the US Human Genome Mapping Project and related studies, it became increasingly evident that a sequence of 30,000 or so 'active' genes that encode and direct the biosynthesis of specific proteins could not possibly exhaust the control mechanisms present in either Epigenomic tools and novel techniques begin to address the complex and varied needs of epigenetic studies and their applications to controlling cell division and growth. Such tools are, therefore, potentially very important in medical areas such as cancer research and therapy, as well as for improving 'domestic' animal phenotypes without involving genomic modifications of the organism. This raises the interesting question if 'epigenomically controlled-growth organisms (ECGOs) --to be produced in the future--would be still objected against by the same groups of people that currently object to GMOs , even though genetic modifications would be neither present nor traceable in such organisms ?
MICROENCAPSULATION TECHNIQUES AND THEIR APPLICATIONS
Microencapsulation is now being extensively used in the industry and medicine to enhance the stability and shelf life of products, to improve the nutritional value of foods, and to produce enzyme, or immuno-protective, capsules for the production of vaccines and for the transplant of organs.
However, the prospects of microencapsulation techniques are not limited to these areas because it can be used in combination with other novel biotechnology tools to broaden the spectrum of its There are several, 'classical' techniques that are used for microencapsulation such as: spray drying, molecular inclusion and extrusion. On the other hand, liposome microencapsulation is a novel technique that is being developed to the point that it can introduce any substance of interest in an organism regardless of the substance's solubility, electrical charge, molecular size or structure (Gregoriadis 1984 ).
Liposomes and Liposome Microencapsulation
A liposome can be defined as an artificial lipid vesicle that has a bilayer phospholipid arrangement with the head groups oriented towards the interior of the bilayer and the acyl group towards the exterior of the membrane facing water ( Such a mechanism is useful for introducing hydrophobic material into the cell, and it has been already employed by the petroleum industry (Hofe et al 1986) .
(a) In the case of endocytosis, the liposome enters the cell surrounded by an endocytotic vacuole that is derived from the membrane lipids. The contents of the liposomes are then released by the action of liposomes that were attached to the produced vacuole. Low molecular weight compounds (that are not charged at low pH values) will thus be able to diffuse into the cytoplasm.
Classification and Production of Liposomes
Liposomes are classified according to their size and structure, the latter also depends on the (SOURCE: Kim and Baianu 1993).
Liposome Formation
The phase diagram in Figure 5 illustrates the phase changes around the transition temperature (T c ) of a phospholipid-water system. This phase transition temperature is defined as the minimum temperature required for the water to break through the lipid membrane. When the system is cooled to temperatures below T c , the hydrocarbon chains adopt an ordered packing phase, thus creating a lamellar structure (Chapman et al. 1967 ). In the bilayer structure, the hydrophobic tails are lined up together through hydrophobic interactions, whereas the hydrophilic part of the lipid faces towards the aqueous phase. 
Techniques for Liposome microencapsulation
The lipid-aqueous system needs to meet two major requirements for the liposome microencapsulation to occur. First, the system needs have a negative free energy, and second, it needs to overcome the energy barrier which is necessary for the formation of the bilayer. Three methods of liposome preparation are here described:
A. Microfluidization
Microencapsulation by this method is obtained through the dynamic interaction of two pressurized aqueous-lipid fluids that create a large momentum and flow turbulence that allows the system to overcome the energy barrier to microcapsule formation. The pressure applied in air-driven microfluidizers can be as high as 10,000 psi (Kim and Baianu, 1993) . The ultra-high velocities reached by this technique allow the creation of small liposomes (< ~0.3 m) with high capture efficiency (Mayhew and Lazo 1984) . This system is useful because of its capability to produce very large amounts of liposomes with adjusted size in a continuous process.
B. Ultrasonication
The ultrasound absorption is employed to overcome the energy barrier. The sonication of the lipid emulsion can be carried out by two different approaches. The first one is through the use of a sonication probe placed directly into the suspension of liposomes. The second method is slower than the first one and employs a sonication bath, such as a sealed container filled with Nitrogen or Argon gas. Both methods have been extensively applied for the formation of SUV' s; however, the use of a sonication probe has been found to cause contamination of the liposomes (Taylor 1983 ).
C. Reverse phase evaporation
Reverse phase evaporation is used for the preparation of LUV's (Szoka and Papahadjopoulos 1978) and it is based upon the extraction of a nonpolar solvent from an aqueous-nonpolar inverted micelle 
Characterization of Liposomes
Several techniques may be employed to characterize liposomes. Table 3 . Characterization of Liposome Properties by Various Techniques.
Applications of Liposomes in the Food Industry
Lecithin-based liposomes offer great flexibility and shelf life improvements in the food industry for introducing water-soluble substances such as flavors and micronutrients. Such modified liposomes are also being used at present in the beverage and bakery industries to deliver both flavors and oils that are trapped inside the liposomes; such flavors and oils are released then into the mouth; these are also employed to incorporate flavor oils. The major impact of such techniques has been achieved through the use of microencapsules that can be made through a continuous process on an industrial scale (Fig 6) . Bakery is another area where liposomes have been applied and it is based on the characteristic of the liposomes of not being destroyed during the processes of mixing or extrusion; therefore, they can release encapsulated flavorings, fragrances or food additives. When a flavor is encapsulated, the release occurs after the enzymatic degradation of the liposome, and thus the rate of release depends on the physical properties of the material of which the liposome is made. In the case of lecithin, the pH value or range, as well as temperature, are important factors.
Liposome Applications in Medical Biotechnology
Traditionally, liposomes have been used in the bioengineering field to over-produce certain 
Other Applications of Liposomes
Cosmetics are another area where the liposomes have been extensively employed. They are being utilized as humectants, as well as carriers of formulations containing extracts, vitamins, moisturizers, antibiotics and proteins. Such applications are mostly directed towards preventing, or delaying, the aging of the skin. Through their surfactant action liposomes also improve the coagulation and sinking of oil spreading at a water interface, a methodology which has been under study for some time by EPA for cleaning up oil spills (Gatt et al 1991; Dutton 1993). One important feature appears to be that lectins stimulate the human immune system. Lectins were thus reported to exhibit anti-tumor and anti-carcinogenic activities that could be of substantial benefit in cancer treatment. Extracts of Viscum album (mistletoe) are widely used as complementary cancer therapies in Europe. Mistletoe has been used parenterally for more than 80 years as an anticancer agent with strong immuno-modulating action. The quality of life of patients with late-stage pancreatic cancer was reported to be improved on account of exposure to mistletoe lectin (Friess et al 1996) .
LECTIN APPLICATIONS TO CANCER DETECTION AND TREATMENT
Lectins
Immuno-modulation using recombinant ML was reported to influence tumor growth in breast cancer patients (Stein et al 1998). Bladder carcinoma was reported to be significantly reduced, and survival times were reported to be prolonged in mice as the concentration of ML was increased from 3 to 30 ng. ML increased the life span, decreased the tumor growth and decreased hyperplasia of mice and rats with lymphoma and lung cancer (Kuttan et al 1997) .
A lectin purified from mesquite seed was reported to have an anti-proliferative effect on the cervical human tumor (HeLa) cells and on cell adhesion. Interestingly, mesquite lectin modulated the growth, proliferation and apoptosis of HeLa cells, while having no effect on normal cells in vitro Lectins have already a demonstrated potential for the treatment, prevention and diagnosis of chronic diseases such as cancer. Further research is, however, required to further elucidate the effects of purified and dietary lectins and their potential for defense against tumors.
COMPUTATIONAL BIOLOGY, MOLECULAR MODELING AND SOME OF THEIR BIOTECHNOLOGY RELATED APPLICATIONS
Computational Biology has a very wide range of applications currently thought of 'belonging' to Biotechnology (Baianu 1986 ), such as Bioinformatics, even though the development of such computations has preceded modern Biotechnology by many decades. Instead of attempting the hopeless task of covering superficially just a few of the applications of Computational Biology to either Medical or Agricultural Biotechnology, we decided in favor of an approach that focuses on a few selected examples in greater depth, by considering molecular modeling techniques that have very wide applications, ranging from 'pure' chemistry, to biochemistry, molecular biology, biotechnology, medicine, foods and industrial manufacturing.
Molecular Modeling Techniques
Molecular modeling is a group of techniques that employ computer-generated images of chemical structures that show the relative positioning of all the atoms present in the molecule being studied, and/or the simulated dynamics of such molecules together with their ordering through spacetime. Such techniques are of considerable help for understanding many physicochemical properties of molecules, and may also provide clues about their possible role(s), that is, their function, in the organism. They can be thus especially valuable tools for investigating structure-function relationships.
Proteins --within a given protein family--have, in theory, similar sequences and generally share the same basic structure. Thus, once the structure for one member of the protein family is determined, molecular modeling computations can help determine the structure for other members of the same protein family. Such a homology technique when applied to protein structure may allow scientists to gain additional insight into protein structure, especially for those proteins for which the available experimental data is scarce.
Tasks in Molecular Modeling
In order to obtain optimal results, the National Center by Biotechnology (NCBI) suggested that protein sequences should be organized in protein families. Such readily searchable databases (Table   4 ) are currently available for many proteins (NCBI 2003). (Source: NCBI 2003: "A science primer" ).
Secondly, a target must be selected. A target is a protein structure that has been determined via experiments. Thirdly, one must generate a purified protein for analysis of the chosen target and then determine the protein structure by analytical techniques such as X-ray crystallography and/or 2D NMR.
The experiments described next, for example, studied apolipoprotein A-1 by employing molecular modeling techniques in order to understand the interaction of proteins in food systems and complex organisms.
Apolipoprotein Structures
Lipoprotein in mammals have evolved as the primary transport vehicles for lipids. This role leads to the importance of lipoproteins in several diseases, such as atherosclerosis and cardiovascular disease. Lipoprotein particles consist of a core of neutral lipids, stabilized by a surface monolayer of polar lipids complexed with one or more proteins.
Apolipoprotein A-I and apo B are respectively, the major protein components of high-density (HDL) and very low density (VLDL) lipoproteins. Thus, understanding apolipoproteins is very important for medical and health-related fields, such as medical biotechnology, as well as food science and human nutrition.
Methods of Structure Determination applied to Apolipoprotein Molecules
The process of biosynthesis, the physical characteristics and the metabolism of apolipoproteins have been intensely studied. However, because of the noncrystalline structure of many apolipoproteins, it has been difficult to obtain structural data at the molecular, or atomic, level.
Therefore, methods combining the amino acid sequence with molecular methods are now being introduced. Thus, overall structures may be derived from correlations of global secondary structures determined from polarized light studies combined with local structures predicted from amino acid sequences. The known amino acid sequence of apolipoprotein from the position 7 to 156 of apo Lp-III was first used to design an Apo A-I template, that could be then approached by 'standard' molecular modeling techniques. respectively. Results were then compared using a "strip of the helix" template (Vazquez et al 1992) by scoring 1 or 0 for residues that did , or did not, fit into the template.
Molecular Modeling of Apolipoproteins
Modeling Results.
A. Sequence Comparison. The five long -helices connected by short loops in amino acid residues 7-156 of apo Lp-III is used as template for LpIIIa, Dig A-I, DgA-I, HuA-I. Amphipathic potential (AP) is used to detect if the predict structure is suitable for a lipid-aqueous interface in its stable condition. The results are shown in Table 5 . Amphipathic potentials (AP) are the best average value for a helical segment of ( # res) residues measured with the "strip of helix". (Vazquez, et al. 1992) B. Energy minimized models. In this model, electrostatic interactions contribute the most to favorable energies. Alanine was chosen as the spacer residue in building apo Lp-IIIa because of its function of small, non-ionic side chain and serves as a helix-stabilizing residue. Although it has a high probability of being found in helical structures, it does not participate through electrostatic interactions. Results of this model are discussed for potential energetic evaluation and amphipathic analysis of energy refined helices (see Table 6 and Table 7 ). The structure obtained through this molecular modeling is illustrated in Figure 6 . These energy calculations, based on the sequence segments initially assigned to HI -H5 (see Tables  6 and 7) , are given to illustrate the stability of the structures. Sequences for helices 3 to 5 (H3, H4, H5) of apo Lp-IIIa contain inserted Alanine residues. (SOURCE: Brown 1994). 
Applications of Molecular Modeling
Molecular modeling has been introduced for more than two decades ago. Increasingly, (Hegenbart 1992) Such models can be used in food industry for product development and also for faster results in sensory evaluation.
Examples of Medical Applications of Molecular Modeling
Molecular modeling is especially helpful in medical fields, such as in development of new drugs on a nanoscale. Recent studies have shown the importance of using molecular modeling in both compound that is found abundantly in the green tea called Epigallocatechin Gallate (EGCG) is reported to stop the HIV virus from binding to CD4 molecules and human T-cells.
Other Applications of Molecular Modeling
Other applications of molecular modeling to manufacturing, life sciences and chemistry greatly benefit from such molecular modeling programs. Nanotechnology has developed to a 30 to 40 million US $ market, and it also has the potential to grow to a 60 to 70 million US $ market within the next five years (Fuji-Keizai 2003).
CONCLUSIONS
A simplified overview of the selected applications of biotechnology in the areas of foods, human nutrition and health, as well as the potential, large-scale applications in the chemical industry that were discussed in our review is presented in Table 8 . The rapid development of biotechnological tools and 'quick' applications oriented towards immediate marketing may be responsible for generating legislative barriers against 'GMO-based' products. The complementary area of genetically manipulated microorganisms is adopting novel approaches to overcome such increasingly unprofitable legislative barriers and boost profits both in the short-and long-term.
The use of ultra-sensitive techniques and bio-computational modeling is essential in order to quantitate the physical and chemical properties of molecules and supra-molecular systems that are of primary interest to developments in Biotechnology and its applications.
Policy changes may be therefore considered and implemented that would take advantage of such novel approaches to develop new niches and markets for both profitable and safe Biotechnology applications worldwide, in the Chemical Industry, Agriculture, Health and Medicine.
